Shaken baby syndrome is the most common cause of death or serious neurological injury resulting from child abuse. It is specific to infancy, when children have unique anatomic features. Subdural and retinal haemorrhages are markers of shaking injury. An American radiologist, John Caffey, coined the name whiplash shaken infant syndrome in 1974. It was, however, a British neurosurgeon, Guthkelch who first described shaking as the cause of subdural haemorrhage in infants. Impact was later thought to play a major part in the causation of brain damage. Recently improved neuropathology and imaging techniques have established the cause of brain injury as hypoxic ischaemic encephalopathy. Diffusion weighted magnetic resonance imaging is the most sensitive and specific method of confirming a shaking injury. Families of children with subdural haemorrhages should be thoroughly investigated by social welfare agencies. 
I
n 1860 Tardieu reported thickening of blood on the surface of the brain in Parisian children who were the victims of child abuse. 1 In 1946 John Caffey, a paediatric radiologist, reported long bone fractures in six infants with subdural haematomas. 2 A history of injury was lacking and the cause remained unexplained. Nowadays such a scenario would seem incredible, but the phenomenon of child abuse had received little recognition at that time. This changed after Kempe et al highlighted the plight of abused children in their landmark paper in 1962. 3 In 1971 Guthkelch, a neurosurgeon, reported subdural haematoma as a feature of the "battered child syndrome" and postulated that the brain injury was caused by shaking. 4 He wrote that the "relatively large head and puny neck muscles" render the infant particularly vulnerable to whiplash injury. Guthkelch also noted that a "good shaking" was felt by British parents to be socially more acceptable and less dangerous than a blow to the head or elsewhere. It is difficult to estimate how frequently infants in Britain are shaken. The incidence of those that come to serious harm can, however, be identified. In two recent British surveys the annual incidence of inflicted subdural haemorrhage was 21.0 and 24.6 per 100 000 children under 1 year. 5 6 Most children were aged less than 6 months.
Children are usually shaken in response to prolonged inconsolable crying. In a fit of rage the child may also be thrown down. The perpetrator is generally of limited patience and experience in handling a child. Some have admitted using shaking as a technique for stopping the child crying. 7 Such individuals are most frequently male, fathers, boyfriends, and babysitters. 8 9 
PATHOPHYSIOLOGY
The forces needed for a head injury are translational or rotational. Translational forces produce linear movement of the brain. Such forces occur during falls and at worst cause a skull fracture, but are usually relatively benign. Rotational forces, which occur during shaking, cause the brain to turn on its central axis or at the attachment to the brainstem. Movement of the brain within the subdural space causes stretching and tearing of the bridging veins, which extend from the cortex to the dural venous sinus. The loss of blood, typically 2-15 ml, into the subdural space is not of itself harmful. 7 It provides firm evidence of shaking in the absence of a history of severe accidental head trauma.
When an infant is violently shaken the consequent traumatic axonal damage has in the past been described in clinicopathological terms as diffuse axonal injury or axonal shearing. 7 10 Most infants with shaking injury have some clinical, radiological, or pathological evidence of impact.
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Experimental evidence in both primates and dolls also resolved that the force generated by shaking alone would be insufficient to cause diffuse axonal injury in infants. [12] [13] [14] For these reasons the name originally coined by Caffey, whiplash shaken infant syndrome, has been deemed by some to be an inappropriate description of the injury mechanism. 15 They would regard shaking impact syndrome as a name more in keeping with the way the injury is caused. 11 16 In the past decade new information has been gleaned from the use of β-amyloid precursor protein, the most reliable marker of axonal damage. It has now become possible to distinguish between hypoxic and traumatic axonal injury. 17 The presence of β-amyloid precursor protein indicates survival of at least 2-3 hours, a point of medicolegal significance. Contemporaneous with improved methods in neuropathology, imaging techniques in the last decade have advanced and now also enable the distinction between hypoxic and traumatic brain damage to be made. 18 19 These advances have established that with violent shaking the initial brain injury is caused by hypoxia. 17 This in turn causes cerebral oedema and raised intracranial pressure. 20 Further neurological damage or death ensue as a consequence of ischaemia resulting from a fall in cerebral perfusion pressure. The difference between accidental (traumatic) and shaking (hypoxic) injury is well depicted in the difference in outcome. 21 22 In the context of the new information that shaking is The initial cause of the hypoxia is respiratory difficulty. Apnoea and breathing problems have been commonly observed in infants who have been shaken. 23 24 Necropsies on such infants reveal brainstem damage. This damage is unique to infancy, when there is a big head with poor neck muscle tone. The pivotal movement of the head during shaking causes a stretch injury at the craniocervical junction. 25 26 The younger the infant the greater the risk of injury. In very premature infants vigorous physiotherapy without head support can induce histological brain changes of shaking injury identical to that in older infants. 27 28 In infants, unlike older children, the base of the skull is smooth and the unmyelinated brain is soft, resulting in a different pattern of injury. Contusions, superficial foci of haemorrhagic necrosis, which characteristically affect the base of the brain and areas underlying skull fractures, are seldom observed. Infants also frequently have a subarachnoid haemorrhage, which like subdural haemorrhage is small and of little clinical significance. 17 
CLINICAL SIGNS
There is a wide spectrum of clinical signs. 11 29 The mildest are non-specific so that injury may never be detected; the most severe being the shocked, unconscious, convulsing child. Immediately after the incident the child will always be obviously unwell, even to the most inexperienced carer. The non-specific signs that may persist for days or weeks are poor feeding, vomiting, lethargy, and irritability. These signs are often minimised by doctors and may be attributed to viral illness, feeding problems, or colic. 30 In some, the signs of previous injury may only be recognised when the child is injured again or presents with a chronic subdural haematoma (head enlargement). It is likely that some children with non-specific signs and undetected brain injury present later with learning difficulty and educational failure.
In the case of a severe injury, it is important to note that unlike an extradural haemorrhage there is no lucid interval between the incident and loss of consciousness. 11 31-33 At presentation the child may be opisthotonic with a full or distended fontanelle. Pallor, hypothermia, and shock are common signs. Apnoea, irregular respiration, and cyanosis necessitate intubation and ventilation.
Children who have been shaken frequently have eye and skeletal injuries.
Eye injuries
The classic eye sign of inflicted head injury is retinal haemorrhage, which can rarely also occur in severe accidents. Haemorrhages, which may be unilateral or bilateral, confirm the diagnosis of inflicted injury. 34 Eye haemorrhage without subdural haemorrhage has not been reported, probably because a lesser force is needed to inflict subdural haemorrhage. 35 The severity of head trauma correlates with the extent of eye haemorrhage. 35 The first change is intraretinal haemorrhage and subhyaloid haemorrhage, which is followed by retinal detachment and finally choroidal and vitreous haemorrhage. 35 Haemorrhage at the periphery (ora serrata) is most frequent, but not easily visualised. Most haemorrhage is seen at the posterior pole and can involve one or more layers of the retina. [34] [35] [36] The cause of retinal haemorrhage is not clear. To and fro oscillation of the lens and vitreous causing traction injury where the vitreous is most firmly attached to the retina is one theory, the other being haemorrhage arising from back pressure on the central retinal vein caused by elevated intracranial or intrathoracic pressure. 36 Neonatal haemorrhage is common and may be a source of confusion. Such haemorrhage usually disappears by eight days but can persist as long as three months. 34 It is not possible to date retinal haemorrhage by appearance. At necropsy, however, the presence of haemosiderin indicates that the haemorrhage is more than three days old. 34 With the possible exception of whooping cough, coughing or vomiting do not induce retinal haemorrhage. Neither do cardiopulmonary resuscitation or convulsions. 37 38 Non-traumatic causes of retinal haemorrhage include coagulation and haematological disorders, vasculopathies, and cranial malformations. They can also be caused by meningitis, intracranial hypertension, and some rare metabolic disorders. 34 36 39 It should be noted that a head injury itself can cause a coagulation abnormality. 40 
Skeletal injuries
Children with skeletal injuries and subdural haemorrhages were well described by Caffey.
2 15 41 Metaphyseal fractures, pathognomonic of inflicted injury in infancy, can be caused by damage to the primary spongiosa of the metaphysis as the limbs flail during episodes of shaking. 42 Squeezing the chest as the child is tightly gripped causes posterior rib fractures. Recent rib fractures might not be immediately apparent on radiography, but can be detected by radionuclide scanning. In the absence of a radionuclide scan, when rib fractures are strongly suspected chest radiography should be repeated after 10-14 days, when callus formation will be evident. 42 Many infants are given cardiopulmonary resuscitation by paramedical or casualty staff. It should be noted that in infancy cardiopulmonary resuscitation does not cause rib fractures. 42 43 
MANAGEMENT, INVESTIGATIONS, AND DIAGNOSIS
The key principles of management are shown in box 1. When faced with an unconscious seriously ill infant, in the absence of any explanation, inflicted injury should always be strongly considered. A meticulous examination for evidence of inflicted injury and a skeletal survey should be undertaken. The acute management is exactly the same as for any ill child requiring respiratory support. Social services should be informed immediately so as to protect other children in the family. Early involvement of the police is necessary to facilitate the forensic investigation. The further care of the child may involve a number of hospital specialists and outside agencies. All documentation should be carefully completed and retained for use in possible legal proceedings. Any injuries should be photographed. In the case of a child with a chronic subdural haemorrhage, health visitor and patient held records should be carefully scrutinised. Previous head circumference measurements have been shown to be crucial in identifying the time of the head trauma. 44 45 A skull radiograph may provide evidence of impact. As fractures heal without callus they cannot be dated. The American Academy of Pediatrics recommends computed tomography without contrast as the initial investigation of choice to detect a subdural haematoma (fig 2) . 29 It is better than magnetic resonance imaging (MRI) for detection of acute haemorrhage. 29 Where possible computed tomography should be complemented by MRI 2-3 days later (fig 3) . MRI is better at delineating intraparenchymal damage and can be used to distinguish the age of haematomas in the case of repetitious injury. 46 Recently diffusion weighted imaging has assumed an important role in the diagnosis of shaken baby syndrome. 18 19 It demonstrates cerebral ischaemia within minutes of onset and can distinguish between acute and chronic infarction. The changes are apparent before those on conventional computed tomography or MRI. It is now the most sensitive and specific means of identifying shaken baby syndrome. 19 It is for that reason that it is felt by some that MRI with diffusion weighted sequences should be done at the same time as the initial computed tomogram. 19 
DIFFERENTIAL DIAGNOSIS
Altogether 95% of infants with a serious intracranial injury have been shaken. 47 The remainder are mostly caused by severe head trauma as in motor vehicle accidents. Other conditions that cause subdural haematomas are the same as those which have been listed as causing retinal haemorrhage. About 20%-30% of asymptomatic neonates have small subdural and subarachnoid haemorrhages which rapidly resolve spontaneously. 7 Rarely, chronic subdural haemorrhage is caused by birth injury. 48 How often this happens is unknown owing to the difficulty in obtaining a reliable history. 45 Chronic subdural haematomas develop from small amounts of venous bleeding into an enlarged subdural space. This arises where there is brain atrophy such as in the rare metabolic condition glutaric aciduria type 1. 49 50 It is thought that in this condition the enlarged subdural space causes stretching of the bridging veins which tear in response to minimal trauma. An ingrowth of granulation tissue from the dura then forms a vascular membrane with fragile capillaries. Capillary microhaemorrhages maintain the size or enlarge the haematoma. 51 Other than in children with glutaric aciduria type 1 and ventricular shunts, chronic subdural haematomas should be regarded as inflicted. In glutaric aciduria type 1 frontotemporal atrophy and widening of the sylvian fissure will be apparent on brain imaging. The diagnosis can be made on a biochemical screen and confirmation obtained by the absence of glutaryl-CoA dehydrogenase activity in tissue fibroblasts. 49 50 It has been suggested that infants with macrocephaly and benign enlargement of the subarachnoid spaces are at risk of developing subdural haemorrhage from minor trauma. 52 This follows reports in the literature of subdural effusions in children with this benign condition. The fact that prominent subarachnoid spaces are common in infants, and subdural haemorrhage is rare, would indicate that there is no scientific basis for that supposition. 53 Brain shrinkage, from cellular loss of water in hypernatraemia, has been linked with subdural haemorrhage. An extensive investigation has suggested that hypernatraemia is the consequence of brain injury accompanying subdural haematoma and not the cause. 54 
OUTCOME AND PREVENTION
It has now been well established that the outcome (morbidity and mortality) of inflicted injury is worse than accidental head injury. 21 22 In the largest case study of inflicted head injury the mortality was 13%. 21 The vast majority of survivors of inflicted head injury have some form of neurological or cognitive dysfunction, which may not be fully apparent before 6 years of age. 5 22 24 33 55 56 The neurological outcome parallels the pattern and extent of cerebral infarction resulting from the hypoxic insult. 18 19 An example is occipital lobe involvement which accounts for the high frequency of blindness after inflicted injury. Microcephaly is common, head circumference measurements reflecting a change in brain growth as early as two months after the incident. 19 In the acute phase diffuse hypodensity on computed tomography or ischaemic changes on diffusion weighted MRI can be used to predict the likely outcome.
11 18 19 Factors strongly related to poor outcome are young age, duration of unconsciousness, and low Glasgow coma scale. 22 In 1972 while addressing the issue of prevention Caffey wrote 41 : "Hark ye, good parents, to my words true and plain, Box 1: Key principles in emergency management of the unconscious infant when the cause is unknown
• Provide life support.
• Suspect shaking injury.
• Look for retinal haemorrhages and other causes.
• Perform computed tomography when cause remains unknown or retinal haemorrhages seen.
• Inform social services and police if subdural haemorrhage confirmed. When you are shaking your baby, you could be bruising his brain.
So, save the limbs, the brain, even the life of your tot; By shaking him never; never and not". There has never been a controlled trial showing the effectiveness of a prevention programme. The reason for this is probably the difficulty in establishing the true incidence of shaking in infancy. There is also much public apathy about the subject. In one survey assessing the benefit of a prevention programme directed at mothers, fewer than a third responded. 57 The high frequency of male perpetrators predicates that an effective prevention programme would need to focus on both men and women. 8 9 Such a task would be difficult to implement and could be best undertaken through the educational system.
CONCLUSION
The sequence of events in shaken baby syndrome is initiated by violent whiplash shaking. Cervical hyperextension causes stretch injury to the neuraxis. This produces breathing difficulty or apnoea. The ensuing hypoxia and shock cause hypoxic ischaemic cerebral injury. Further brain damage occurs as a consequence of cerebral oedema, intracranial hypertension, and a fall in cerebral perfusion pressure. In comparison with traumatic injury in infancy, inflicted injury has a much worse prognosis. Subdural and retinal haemorrhage are important markers of shaking injury. The fastest, most sensitive and specific method of determining a shaking injury is diffusion weighted MRI. Where possible this should be undertaken in conjunction with the initial computed tomogram.
